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Introduction: This study aimed to investigate the foot function, range of motion, plantar
pressure, and plantar contact area in the distance runners with normal, pronated, highlypronated, supinated, and highly-supinated foot posture groups during static standing.
Materials and Methods: In this comparative cross-sectional study, a total of 75 distance
runners were divided into 5 groups using the foot posture index. The foot function and knee and
foot range of motion were assessed using the Foot And Ankle Ability Measure questionnaire
(FAAM) and the goniometer, respectively. The mean of the plantar pressure percentage and the
mean of the contact area on the forefoot and rearfoot were investigated during static standing.
One-way ANOVA was used to compare the outcomes between the groups.
Results: Among the groups, the normal foot group showed the highest scores in the activities of
daily living subscale and sport subscale. Compared with the other groups, the highly-pronated
foot group had a significantly greater range of motion in the ankle plantar flexion (P<0.002), and
the normal foot group showed more range of motion in the first metatarsophalangeal extension
(P<0.0001). In all groups, the mean plantar pressure percentage on the rearfoot was greater than
the mean plantar pressure percentage on the forefoot. Of the groups, the highly-supinated foot
group showed the highest plantar pressure percentage on the rearfoot (P<0.0001). However,
the highly-pronated foot group showed the highest plantar pressure percentage and the largest
contact area on the forefoot (P<0.0001) and the rearfoot (P>0.0001), respectively.
Conclusion: Based on the results of this study, the foot posture is an important option that
could affect function and range of motion of foot and ankle and distribution of the plantar
pressure and plantar contact area.
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1. Introduction

vidence suggests that injuries of the lower
limb in athletes can be influenced by intrinsic and extrinsic risk factors [1, 2]. The
studies have found significant relationships between foot posture as an intrinsic
risk factor and lower extremity injury [3-6]. The studies
have shown that pes planus foot (low medial longitudinal arch) is associated with soft tissue injuries of lower
limb [7, 8], including plantar fasciitis, patellofemoral
pain syndrome, Achilles tendonitis, and knee pain in the
athletes. Also, pes cavus foot is associated with injury to
bony structures on the lateral aspect of the lower extremity such as medial tibia stress fracture and fifth metatarsal stress fracture [8].
Numerous studies have compared the kinetics and kinematic of the foot between various foot postures [6,
9-15]. The kinematic studies have presented that individuals with pes planus have greater foot mobility than
individuals with cavus feet [6, 9, 10, 16]. A systematic
review has shown that subjects with pes planus feet exhibit more rearfoot inversion and adduction than subjects with normal feet posture [17].
Besides, several studies using foot scans have shown a
set of evidence that supports a link between changes in
foot posture and plantar pressure distribution [2, 18-21].
A systematic review has found that, during walking in
the adult, planus feet compared to pes cavus and normal
feet have higher pressure in the medial arch, central forefoot, and hallux and have lower pressure in the lateral and
medial forefoot [22]. In contrast, compared with normal
feet and pes planus feet, subjects with pes cavus feet have
shown higher pressure in the heel and lateral forefoot and
lower pressure in the hindfoot and hallux [22].
Although there are indications that plantar pressure distribution and range of motion of lower limb can be influenced by foot posture, the previous studies that evaluated
plantar pressure distribution and kinematic of lower limb
extremity in subjects with various foot postures were not
entirely consistent [17, 22] and the results of these studies
were inconsistent due to variations in foot posture classification and evaluation of the range of motion.
For example, a few studies compared all foot postures,
including normal, pes cavus, and pes planus feet [13,
21]. Additionally, different studies have used different
segmental models to classify foot postures [3, 21, 2326]. Also, several studies used foot posture classification
methods that are not regarded as the gold standard [27,
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28]. One of the common methods for categorizing foot
posture is the Foot Posture Index (FPI).
The FPI is a valid and reliable clinical assessment tool
used to classify foot posture [29]. Morrison et al. investigated the inter-rater reliability of the FPI on pediatric
subjects [30]. The average kappa score for inter-rater
reliability was 0.88 [30]. Aquino et al. assessed the reliability of the FPI on adults and older adults [31]. An average Intra-Class Correlation (ICC) coefficient for interrater reliability was 0.79 for adults and 0.69 for older
adults [31]. Besides, according to FPI, 5 foot groups
were considered for this study.
In addition, studies have shown that foot postures have
a known relationship with foot and lower limb function
[32, 33]. Accordingly, in the current study, the level of
function of the foot and ankle of all participants was measured by the Foot And Ankle Ability Measure (FAAM)
questionnaire. It is a valid and reliable self-administered
measure, which assesses the level of function of the foot
and ankle [34, 35].
So, the first aim of this study was to determine whether
there is a difference in the functional ability of foot and
ankle using FAAM (foot and ankle ability measure) questionnaire between 5 groups with different foot postures
using FPI that is supported with normative data. Second, we aimed to assess whether foot and knee mobility is different between the 5 groups. The last aim was
to compare plantar pressure and the plantar contact area
between the groups.

2. Materials and Methods
In this comparative cross-sectional study, 75 distance
runners (33 women, 42 male) aged between 20 to 30
years were included. The sample size was estimated,
using G-power software (version 3.1.9.2) with a confidence level of 95% and power of 80%, and the effect size
was calculated using Andrew K. Buldt et al. study [21].
The runners were recruited via advertisements on social
networks. All athletes in this study were middle-distance
runners who usually run in races of 1 to 5 km 2 times a
week. The inclusion criteria were distance runners aged
between 20 to 30 years, foot pain of lower than 3 according
to visual analog scale, without a history of radicular low
back pain, direct trauma during two last months, without
neurological or cardiac disease, musculoskeletal disorder
as tarsal tunnel syndrome, plantar fasciitis and history of
fracture in the foot and ankle [10, 21]. We excluded participants if they were not willing to perform the assessment.
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First, the FPI was used to classify foot postures. Foot
postures in this study were determined using the FPI
which is a valid and reliable index for identifying the
foot posture [31]. The FPI is a 6-item scale of [26, 29]
palpation of the head of the talus, curvatures above and
below the lateral malleolus, position of the calcaneus in
the frontal plane, prominence in the talonavicular joint,
the medial longitudinal arch’s congruence, and abduction/adduction of the forefoot on the rearfoot.
To determine foot posture using the FPI, the subjects
were tested in a standing position. Each item of FPI was
assessed by two physiotherapists. The score of each item
of the FPI is from -2 to +2 and the total score of the FPI
is between -12 to +12. If there was any disagreement
between two physiotherapists in item score; the third examiner was asked to identify the final score. According
to the total score of the FPI, the distance runners were
categorized into 5 groups. The normal feet group was
characterized by the FPI score between 0 to 5, while
the pronated feet group and highly-pronated feet group
were characterized by the FPI score between 6 to 9, respectively [26, 29].
The supinated feet group and highly supinated feet
group were defined as having the FPI score between -6
to -9 and the FPI score between -9 to -12, respectively
[26, 29]. Fifteen subjects were selected for each group.
One foot of each runner was chosen for assessments. If
only one foot of a runner had the parameters for a group,
then this foot was selected. If both feet of a runner had
the parameters for a group, the dominant foot was selected. To determine the dominant foot, the participants
were asked to shoot a soccer ball on the target. Each one
was used, it was considered the dominant foot.

0 to 100 and on another scale, the subjects are asked to
rate their current level of function. This item is scored
on a 4-point Likert-type scale as normal, nearly normal,
abnormal, and severely abnormal.
Measurement of range of motion
Active range of motions of knee extension, knee flexion,
ankle dorsiflexion, ankle plantar flexion, and first Metatarsal Phalangeal (MTP1) extension was measured using
the universal goniometer (a 360-degree circle, made in
Iran) the same as that described by Norkin and White
(2016) [36]. Each range of motion was measured 3 times
and the mean values were used for statistical analysis.
Plantar pressure and contact area
Plantar pressure and contact area were recorded by a
plantar pressure system (made in Belgium; 1 m ×0.7 m;
sampling frequency 100 Hz). All the participants were
constructed to stand with bare feet on the foot scan with
the feet approximately at pelvis width apart, to look
straight forward to the target on the wall, to hold their
arms along the body in a free position, to distribute equal
weight on their feet. They were asked to stand 30 seconds on the platform [37]. This trial was repeated two
times and the mean values were used for statistical analysis. In this study, the foot was divided into two parts.
One part was named the rearfoot that included medial
heel, lateral heel, and midfoot, and the other part was
named the forefoot that included the metatarsals and the

Foot and ankle ability measure questionnaire (FAAM)
All participants filled out the questionnaire of Foot and
Ankle Ability measure (FAAM) [35]. This questionnaire
was reported to be reliable, and valid for evaluating ankle
and foot performance in the Iranian population [34]. The
FAAM has 29 items which comprise two subscales: activity of daily living (21 items) and sport (8 items). Each
item ranged from 0 (no difficulty) to 4 (unable to do). The
total score of the Activities of Daily Living (ADLs) subscale is 84 and the total score of the sport subscale is 32
[35]. The total score of each subscale is transformed into
a percentage. Higher scores represent better performance
in each subscale. Also, the FAAM has 3 overall scales.
In 2 overall scales, the subjects are asked to score their
level of function during ADL and sports activities from

Figure 1. Foot divisions: the rear foot, including medial heel,
lateral heel, and midfoot and the forefoot, including the
metatarsals and the phalanges
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Figure 2. Plantar pressure diagrams for two foot postures based on the FPI
A: Highly-pronated foot; B: Highly-supinated foot, red indicates greater peak plantar pressure values and blue indicates lesser
peak plantar pressure values

phalanges. The following data were extracted pressure
percentage under the rearfoot, pressure percentage under the forefoot, the contact area of the forefoot (cm2),
the contact area of the rearfoot (cm2) (Figure 1). Plantar pressure diagrams for the highly-supinated foot and
highly-pronated foot are shown in Figure 2.
Statistical analysis
Statistical analyses in this study were performed in
SPSS v. 20. All variables are presented as Mean±SD.

The variables were tested for normal distribution by the
Kolmogorov-Smirnov test. All variables were normally
distributed. One-way ANOVA was used to compare numeric variables between the distance runners with normal foot group, pronated foot group, highly-pronated
foot group, supinated foot group, highly-supinated foot
group. Each variable was analyzed independently. If
there were significant differences between the groups, the
Bonferroni post hoc test was performed. The Chi-square

Table 1. Demographic data of the participants (n=15)

Mean±SD/ No. (%)

Variables

P

NG

PG

HPG

SG

HSG

Age (y)

24.20±3.80

25.60±3.20

24.13±2.74

24.66±2.79

24.60±2.92

0.71

Weight (kg)

71.1±2.74

72.20±3.46

71.46±2.77

72.46±4.05

72.33±3.22

0.75

Height (cm)

179±3.83

180.60±3.88

180±3.74

181.66±3.63

182±3.27

0.24

BMI (kg/cm2)

22.18±1.11

22.15±1.92

21.87±0.95

22.51±1.24

22.06±0.82

0.60

Foot length (cm)

26.66±1.8

25.93±2.54

27±1.77

26.93±1.79

26.32±1.77

0.54

Foot width (cm)

7.04±0.85

7.29±0.53

6.95±0.88

7.11±0.80

7.43±0.70

0.43

Female

5 (33.3)

7 (46.7)

7 (47.7)

6 (40)

8 (53.3)

Male

10 (66.7)

8 (53.3)

8 (53.3)

9 (60)

7 (46.7)

Sex

0.84

IPT: Isometric Peak Torque; Nm: Newton Meter; CM: Centimeter; HPL: High Power Laser; SLHT: Single-Leg Hop; NG: Normal Foot Group; PG: Pronated Foot Group; HPG: Highly-Pronated Foot Group; SGA: Supinated Foot Group; HSG: HighlySupinated Foot Group
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Table 2. FAAM questionnaire results, including all group Mean±SD, P value of 1-way ANOVA, F index, P value of Bonferroni
post hoc test (group 1 vs. group 2)*, (n=15)

HPG

SG

0.0001*

PG

0.0001*

0.003*

NG

0.0001*

SG

0.0001*

14

NG

vs. HSG

0.002

4.75

0.8

0.39

0.004*

74
74

0.0001*

4
4

2

0.001w

95.40±3.75
98.33±3.08

0.103

74

4

98.46±2.23
99±2.80

4

92.22±2.54

97±3.16
96.33±3.99

93.12±6.16

98.17±2.69

98±3.16

96.87±3.54

94.12±4.27

HSG

99±2.07

95±4.84

97.14±2.72

SG

F Index

99.66±1.29

96.66±3.63

98.88±1.82

HPG

P

99.33±1.75

96.87±3.73

ADL sub

PG

Within
Groups

Level of
ADL

Sport sub

NG

Between
Groups

vs. HPG

Level of
sport

Function (%)

Scale (%)

Groups
Variables

df

74

Mean±SD

ADL: Activities Of Daily Living; NG: Normal Foot Group; PG: Pronated Foot Group; HPG: Highly-Pronated Foot Group;
SGA: Supinated Foot Group; HSG: Highly-Supinated Foot Group.
* Significant difference between groups: P<0.01 in Bonferroni post hoc test

test was used to detect differences between groups related
to the sex variable. P<0.05 was considered significant.

3. Results
This study included 75 distance runners that were assigned into 5 groups using the FPI; normal foot group
(NG) (15 distance runners), pronated foot group (PG)
(15 distance runners), highly-pronated foot group (HPG)
(15 distance runners), supinated foot group (SG) (15 distance runners) and highly-supinated foot group (HSG)
(15 distance runners). The demographic characteristics
of all participants are presented in Table 1. No significant
differences were observed between the 5 groups regarding the demographic characteristics (P>0.05).
Comparisons results between all 5 foot posture groups
for FAAM questionnaire, range of motions, plantar pressure percentage, and contact surface area are shown separately in Tables 2-5.
The scores of the FAAM questionnaire for all groups
are summarized in Table 2. Significant differences were
found in the ADL subscale and the level of ADL function

between the groups. The runners in the normal foot group
had a higher score in the ADL subscale than highly-supinated and highly-pronated foot groups. Also, the supinated foot group displayed a lower score in the ADL subscale
compared to the normal, pronated, and supinated foot
groups. The runners are asked to rate their current level
of function. This item is ranged on a 4-point Likert-type
scale as normal, nearly normal, abnormal, and severely
abnormal. About 70.7% of the participants selected the
normal status and 29.3% of the participants chose nearly
normal status. The Chi-square test did not detect a significant difference among the groups regarding this item.
The gray squares indicate no-significant difference between the groups.
Ankle PF and MTP1 extension range of motions
showed significant differences between the groups
(Table 3). Compared with the foot pronated group, supinated, and highly-supinated foot groups, the highlypronated foot group had a significantly greater range
of motion in the ankle PF. Also, the normal foot group
showed more range of motion in the MTP1 extension
compared with the pronated, highly-pronated, and supi-
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Table 3. Active range of motion results, including all group Mean±SD, P value of 1-way ANOVA, F index, P value, and P
value of Bonferroni post hoc test (group 1 vs. group 2)*, (n=15)

HPG

SG

0.003*

0.009*

PG

0.0001*

HSG

0.044*

SG

0.003*

PG

0.005*

vs. NG

0.013*

1.99
0.95
4.58

74
74
74
74
74

0.89

4
4
4
4
4

7.85

128.20±4.83
85.20±2.21
36.33±2.28
18.13±1.59
51.06±4.58

0.10

125.06±5.36
85.53±2.03
36.13±2.99
18±1.36
46.06±4.80

0.44

129.60±2.84
85.40±2.19
40.20±3.85
18.40±3.08
44.33±3.90

0.002

128.60±5.79
84.40±2.35
36.46±2.85
18.73±1.38
47.60±5.88

0.47

129.73±6.34
84.50±1.34
37.53±3.09

Knee extension Knee flexion

17.46±1.68

P

52.80±4.81

HSG

Ankle PF

SG

Ankle DF

HPG

F
Index

Extension MTP1

PG

vs. HPG

Within
Groups

NG

Between
Groups

Degree

df

0.0001

Mean±SD
Groups
Variables

NG: Normal Foot Group; PG: Pronated Foot Group; HPG: Highly-Pronated Foot Group; SGA: Supinated Foot Group; HSG:
Highly-Supinated Foot Group; PF: Plantar Flexion; DF: Dorsiflexion
* Significant difference (P value) between groups: P<0.05 in Bonferroni post hoc test

nated foot groups. There was no significant difference
between normal and highly-supinated foot groups in the
extension range of motion MTP1 (Table 3).
The gray squares indicate no-significant difference between the groups.
Table 4 presents the findings for the percentage pressure on the foot. In this study, the subjects were instructed to distribute approximately equal weight on each
lower extremity. For analysis, the pressure on each part
was transformed to a percentage (from 0% to 100%). In
all groups, the percentage of pressure on the rearfoot was
greater than the percentage of pressure on the forefoot
(Table 4). Compared with the other groups, the highlysupinated foot group showed the highest percentage
plantar pressure on the rearfoot, while the highly-pronated foot group showed the highest percentage plantar
pressure on the forefoot (Table 4).

20

Table 5 presents the findings for the contact surface
area. Compared with the normal, pronated, supinated, and
highly-supinated foot groups, the highly-pronated foot
group demonstrated the largest contact surface area for the
rearfoot, and compared with the normal, pronated, highlypronated and supinated foot groups and the forefoot part,
the normal foot group had greater contact area than the
pronated and highly-supinated foot groups (Table 5).
The gray squares indicate no-significant difference between the groups.

4. Discussion
The present study was intended to compare a range of
motions, foot function, distribution of plantar pressure,
and plantar contact area between the distance runners with
normal, pronated, highly-pronated, supinated, and highlysupinated foot postures. Our data showed that the ankle and
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Table 4. Plantar pressure (%) results, including all group Mean±SD, P value of 1-way ANOVA, F index, and P value of Bonferroni post hoc test (group 1 vs. group 2) *, (n=15)

0.0001*

0.0001*
0.0001*

SG

0.0001*

0.0001*

HPG

0.0001*

PG

0.0001*

NG

HSG vs.

0.0001*

14.42

4
4

14.23

71.75±2.05
28.24±2.05

0.0001

67.47±3.06
32.52±3.06

F
Index

0.0001

65.09±3.10
34.90±3.10

P

74

66.43±1.69
33.56±1.69

foot (%)

66.27±2.82

HSG

33.72±2.82

SG

Rear

HPG

Fore

PG

HPG vs.
Within
Groups

NG

Between
Groups

Groups Variables

df

74

Mean±SD

NG: Normal Foot Group; PG: Pronated Foot Group; HPG: Highly-Pronated Foot Group; SGA: Supinated Foot Group; HSG:
Highly-Supinated Foot Group
* Significant difference (P value) between groups: P<0.05 in Bonferroni post hoc test

groups, the normal foot group showed the highest score
in both of the subscales. The supinated and pronated foot
groups did not show significant differences in total scores
of both subscales compared with the normal feet group.
Although all the subjects in our study reported pain intensity lower than 3 according to the visual analog scale,
lower scores in the FAAM scales in the highly supinated
foot group can indicate that level of performance of foot
and ankle can be affected by abnormal foot posture.

foot range of motions, function, distribution of plantar pressure, and contact surface area could be affected by the type
of foot posture. This is the first study that was conducted
on 5 foot postures (normal, pronated, highly-pronated, supinated, and highly-supinated foot postures). All foot postures
in the present study were assigned using the FPI.
The findings of the FAAM questionnaire indicated that
the scores of activities daily living subscale in the highlysupinated and highly-pronated foot groups were lower
compared with that of the normal group. Among the

Table 5. Plantar contact surface area (cm2) results, including all group Mean±SD, P value of 1-way ANOVA, F index, P value,
and P value of Bonferroni post hoc test (group 1 vs. group 2)*, (n=15)

0.0001*

0.0001*

0.004*

HPG
vs. PG

0.012*

SG

0.0001*

17.7
2.72

HPG

0.020*

0.0001
0.036

PG

0.0001*

74
74

NG

0.006*

4
4

vs.HSG

0.010*

56.49±5

F Index

77.02±3.18

P

63.91±4.89

HSG

79.03±3.77

62.88±5.72
77.31±3.58

SG

72.67±4.81

66.17±6.57
81.44±6.52

HPG

79.68±3.27

Rearfoot
Forefoot (cm2)

(cm2)

PG)

Within
Groups

NG)

Between
Groups

Groups
Variables

df

NG vs. PG1

Mean±SD

NG: Normal Foot Group; PG: Pronated Foot Group; HPG: Highly-Pronated Foot Group; SGA: Supinated Foot Group; HSG:
Highly-Supinated Foot Group
* Significant difference (P value) between groups: P<0.05 in Bonferroni post hoc test
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Another finding in our study was the effect of foot posture on the range of motions. Some studies have reported that the foot posture has affected the range of motion of
the lower extremity [6, 10, 13, 17]. Significant differences
were also found in the ankle plantar flexion and extension of MTP1 between the groups. In the present study,
the athletes with highly-pronated foot posture had greater
plantarflexion compared with the pronated, supinated, and
highly-pronated foot groups. This finding is in line with
other studies that have compared plantar flexion between
foot postures. Hunt AE et al. compared normal and pes
planus foot groups and found that the pes planus group
displayed more plantar flexion of the rearfoot at 21% of
stance phase than the normal feet group [14]. Levinger et
al. used the x-ray to categorize foot postures; their results
showed that compared with the normal group, the pes planus group had more forefoot plantar flexion [24].
Our results also indicated that the MTP1 extension in
the normal foot group was more than the other groups and
the highly-pronated foot group had the smallest MTP1
extension. It is also similar to the finding of Smita Rao
et al. that reported low arch foot group displayed lower
flexibility in MTP1 than the other groups [15]. This finding is in agreement with the theory that pes planus foot
posture could change the alignment of the first metatarsal
bone and decrease big toe extension mobility [38]. Considering the above findings, type of foot posture could
affect the foot mobility and individuals with low or high
foot arch may be more susceptible to musculoskeletal
foot syndromes such as plantar fasciitis and the first MTP
osteoarthritis than subjects with normal feet posture.
The present study also showed significant differences
between the groups in plantar pressure percentage. All
subjects in this study showed a greater pressure percentage on the rearfoot than on the forefoot. It is also similar
to the finding of Tuna et al. [39]. They reported that in
healthy people, approximately 2/3 of total weight was applied to the rearfoot in the standing position, but the type
of foot posture was not defined in their study. In our study,
the foot plantar was divided into two parts. One part was
named the rearfoot that included medial heel, lateral heel,
and midfoot, and the other part was named the forefoot
that included the metatarsals and the phalanges. Compared
with the other groups in the present study, the highly-supinated foot group demonstrated the highest plantar pressure
percentage on the rear foot, while the highly-pronated foot
group displayed the highest plantar pressure percentage on
the forefoot during the standing position.

was more than the normal foot group [19]. Also, Jin Tae
Han et al. compared the distribution of foot pressure between normal and pes planus feet postures [40]. They
demonstrated that in the big toe, small toe, the second,
third metatarsal, the plantar pressure of the pes planus
group was higher than the normal group.
In addition to the above variables, when the contact
surface area was compared between the groups, statistically significant differences were observed. In the rearfoot area, the highly-pronated foot group had the greatest
contact surface and the highly-supinated foot group had
the smallest contact surface. According to the study by
A K. Buldt et al., the pes planus group showed a greater
contact area in the midfoot than the normal and pes cavus
groups [21]. In the present study, the midfoot was considered a part of the rearfoot. It may be a possible reason
that the highly-pronated foot group showed greater contact area in the rearfoot than the other groups. In the forefoot part, the normal feet group had a greater contact area
than the pronated and highly-supinated feet groups. One
of the limitations in this study was that in our study, compared to other studies, the foot was divided into only two
parts, and due to the existence of overlapping between
different sections of each part, the details of differences
may have been missed. So, any interpretation of these
results about foot pressure and contact area in this study
should be considered with caution.

5. Conclusion
Differences in ankle plantar flexion, MTP1 extension,
foot function, distribution of the plantar pressure, and the
plantar contact area between distance runners with different foot postures classified according to FPI were detected.
The normal foot group demonstrated more scores in the
FAAM questionnaire than the others. The athletes with
highly-pronated foot demonstrated greater ankle plantarflexion, greater plantar pressure percentage on the forefoot, and greater contact area in the rearfoot during static
standing. Increased plantar pressure percentage on the
rearfoot was also found in the highly-supinated foot group.
Based on the study results, the findings in the pronated and
supinated foot groups were approximately similar to the
normal foot group. Further research with separating of the
foot into more parts is required to explore the more differences between 5 foot postures according to the FPI.

In line with our study, Joshua Burns et al. found that
the pressure on the rearfoot in the idiopathic cavus group
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